GRP78 induction by calcium ionophore potentiates photodynamic therapy using the mitochondrial targeting dye victoria blue BO.
The cationic photosensitizing triaryl methane dye Victoria Blue BO (VBBO) localizes in mitochondria and causes oxidative damage to this organelle during photodynamic therapy (PDT). Oxidative stresses from other photosensitizers induce a variety of stress proteins. The endoplasmic reticulum (ER)-based, calcium-binding stress protein GRP78 is a putative protective factor for photosensitizers such as Photofrin that damage multiple intracellular sites and for several cytotoxic agents. In the current study VBBO-PDT was found to induce glucose-regulated protein (GRP)78. However, in contrast to other drugs, rather than being protected, human squamous carcinoma cells (FaDu) induced to express GRP78 by calcium ionophore A23187 became more sensitive to PDT. A line of Chinese hamster ovary cells (C-1) constitutively overexpressing GRP78 also were more sensitive. Cytotoxicity of the A23187 treatment and VBBO was synergistic, with more than 11-fold potentiation with light irradiation, but was only additive in the dark. The increased cell killing was not due to differences in VBBO uptake or to changes in the intracellular localization of VBBO caused by calcium ionophore or GRP78. Thus, GRP78 appears to enhance rather than protect against VBBO-induced mitochondrial photodamage and contributes to cell death. This novel finding possibly may stem from the effects of GRP78, ER Ca2+ stores and ATP consumption on the Ca2+ and ATP-dependent mitochondrial permeability transition that may be evoked by PDT damage to the mitochondrial respiratory chain. The work suggests interventions that may potentiate PDT with mitochondrial targeting sensitizers and potential enhancements in efficacy when GRP78 is upregulated biologically or pharmacologically.